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SUMMARY

Creep tests of five laminated plastics were made in this investiga-
tion to determine the relative creop propexrties of these materials when
subjected to various types of stetlc and dynamic stresses. Creep defor-
mations were measured to determine the variation of these deformutlons
with stress. For each trpe of test, the stress values investigated
covered the stress range from zsro stress to the ultimste strength of
the material. Static creep tests were made for tension, bending and
torsion, and the creep behavior was studied for fluctuating axial loads
superimposed on static tensile loads, In general, the various kinds of
creep tests show that the cysep deformation resistance varies with the

ultimate tenslle strengtns of the leminates except for the torsion creep"

tests of square crose sections. Abbtempts were made to interpret the
creep test results for the purpose of obtalning a stress-creep ratve re-
lation. The log-log, log and hyperbolic sine methods of interpretation
were used. The agresrment between those methods of Interpretation and
the test results was not satisfactory so that the results of thess in-

terpretetions are not included in this report. —_

In selecting the loads to be used for the creep teasts it was first
necessary to mske conbtrol static tests in tenslion, compression, bending,
and torsion, TFor these simple streas tests values of yield strength,
witimate strength, stiffness and ductility were determined. It was
found that the mechanical properties of a laminate for one type of sim-
ple stress ave not always indicative of what the properties will be for
another kind of stress. For exempie, 1t was found that the cotton base
laminate with almost the lowest tensile ultimete strength has the high-
o8t torsional ultimate strength.

An auxiliary program of teste wes made to determine the influence of
repeated stressing, up to 100 cycles, on the strength, stiffness, and
ductility in tension and compression. Three types of repeated stress
tests were made - ropeated tension followed by a test to rupture in
tension, repeated comprsssion followed by a test to rupture in
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compression, and repeated tension followed by a test to rupture in com-
pression. The wepeated stressss were up to two-thirds of the ultvimate
strengths for sach test. Frum the tost results obtaired no general comn-
clusion can be made on the Influsace of prestressing on the mechanical
properties.

INTRODUCTION

Wren meaterials such as laminated plastics are subJected to loads,
the stiresses produced are sccompeanied by deformetions which increase in
magnitude with time. These deformetions, called creep deformations, are
in eddition to the elastic deformatlions and mey occur at low stress
values. For some materials subjected to siresses below the yleld stress,
creep (eformstions occur only at elevated temperaturss. An imporsant
application of sleel at elevated tempsrature ls the steam turbine for
which a design stress must be selesteld bassd on a permlssible creep de-
formation that aliows adequate clearance between the moving parts of the
turbine. The design stresses iun ailrcraft parts using laminated plastlics
must also be selected so that creep deformaticms will not distort the
members to en undesirable extent. oo : CoT oo

The presence of creep in materlialg subJected to stress influences
the type of stress distribution and the meximum stress value for all
types of stress except simple tension and compression. For example,
creep tests in bending show that the meximum stress calculated using
methods developed in the mechanice of creep (reference 1) may in scme
cases be about two-thirds of the maximum stress obtalned by the usual
elastic theory. It seems desirable therefore to include in a complete
investigation of creep, both a determination and an Ilnterpretation of
experimental data for verlous types of stress. It may then be possible
to apply these data to the formulgtion of a mechanics of creep sprlica-
ble to the particular material investigatud.

In the pest, most creep tests on plastice have been made for simple
tension (refewence 2). Althcugh tension-creep tests may glve a compari-
gon of the creep properties for various plastics, the fact remains that
other kinds of streeses are produced in alrcraft parts, For thle reason, .
the present investigation inclvdées a study of* the creep-stress relations
not only for simple tension but also for static torsion, static bending,
and stalic tension combined with fluctuating axiel stress, Tests were
also mede for dynamic torsion combined with static tension but are not
reported since uureagonable test results were obtained. Speclal equip-
ment wes bullt for the creep tests and in most cases creep deforrwations
were observed for stress values covering the complete range of stresses
to the ultimate strength.
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Control tests were mzds on the flve laminates in tension, compres-
sion, torsicn and bending to determine the mschaenical properties of
¥ield strength, ultimate strength, stiffness erd ductility. The purpose
of msking these teste wes threefold - (1) to select stress values to be
used for the creep tests, (2) %o compare properties with those when re-
peated stressing was used, and ( 3) to provide a more complete study of
the physical propserties, —_—

At the sugmestion of the Air Mabteriel Command, Army Alr Forces,
tests were also conducted to determine the influence of repeated stress-
ing in tension and compression on the mechanical properties of the
various lamlnated. plastics.

This investigation was conducted by the School of Engineering of
The Pemnnsylvania State College undexr the sponsorship and with the finan-
cial asssistence of the Natlonel Advisory Comnitte for Aeroasutics., Most
of the tests were conducted In the creep laboratory of the Depariment of
Engineering Mechanics. Mesars. W. C, Kiek and H. A, Albala were, respec-
tlvely, full-time and part-time research assistants for this project.
Special equipment and ipeclrmers wore made by Messys. S. S. Eckley, E,
Grove, and H, Johmnson., ZFProfessor K. J. DeJuhasz of the Enginsering
Experiment Stabtion designed cpoclal tension and compression straln gages
and grips for the tension tests. Professor F. G. Hechler gave valuable
advice on several problems including the comtrol of humidity for the
tests. Dr. G. M. Kline, (hisf of the Organic Plastics Section of the
Bureau of Standards, gave technical assistance on verious phases of the
project. The administrative dirsction given by National Advisory
Committe for Asronautics and the College of Engiresring and the technicel
assistance given by the foregoing individuals in meking possible this
investigatlion was greatly appreciated.

SYMBOLS

A cross-sectional area of specimen, . square inches
wldth of cross section for bending specimens, inches

C creep rate for all crsep tests

Cp creep rate in bending

Cs creep rate in torsion, degrees per lnch per hour

Ct creep rate in tension, inches per inch per hour

D dlamter of round torsion specimen, inches

3
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depth of cross secticn for bending gpecinen, inches

moduiug of elastlcity in bending, pounds per sguare inch
modulus of elasticity in compression, pounds per sguare inch
modvlus of elasticity in shear, . pounds per square inch
modulus of elasticlity in tension, pounds pexr equare inch

explitvde of motion of eccentric weights for dynamic creep tesgts,
inches :

strain, inches per inch at rupture in compression
strain, inches per inch abt—ryupture in tension
creep strain, - inches per imch In tension

total axlal tension dynamioc forcs, pounds

gege lengith or gpan lergth, - inches
bending moment, inch-pounds

mass of rotating eccentric weights, pounds per second per second
per inch

total axial wass spplied in dynamic tests, pounds per second per
gsecond per inch

number of stress repetitions in repeated stross tests

load in statlc bendlng test at rupture, pounds

ratio of static tension to meximum tensile stress in dynamic tension
tegia

gonsral symbol for stress for all tests, pounds per square inch

ultimate strength (modulus of rupture) for bending, pounds per
Bquare inch

ultimate strength for compression, pounds per square inch

L
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Sg ultimate strength (modulus of rupture) for torsion, pounds per
. 8quere inch

Sp " ultimate strength for tension, pounds per square inch
S yield strength for compression, pounds per sguare inch

Syt yield strength for tension, pounde per sguare inch

Sm static temnsile stress in dynemic creep tests, pounds per sgquare
' inch

Sg shear stress for torsion creep tests; pounds per square inch
S tension stress for tension creep tesits, pounds per square inch
Ts static tvisting moment at rupture, inch-pounds N |

o " gbatic tensile load applied in dynamic tension tests, pounds
aeflectiqnlip_static bending tests at rupbure, inches. -

6 . angle _of twist in static torsion tests, degrees

w frequency of forced vibratlion in dynamic creep tests, radians per
second . ——

® .. phase augle, degrees _ .
DESCRIPTION OF MATERTALS

Five laminated plastices were selected for investigation:

. Glass fabric laminate with polymerizing type resin (G)
High strength paper base plastic (P)
High strength reyon laminate with phenolic resin (R)

rede C phenolic reein leminete (C)
. Cotton fabric laminate as used in Grade C but molded with
low pressure (CL)

=W

For convenience in referring to these plastics, the letter given in the
brackets ebove will be used. Information regarding the manufacture of
the laminates as supplied by the msmmfacturer is given in teble 1, All .
the materials tested, except the glass laminate (G), were cross-laminated,

5
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Table 1 gives values of thickness and density of the laminates and in-
formatlion regarding the resin, reinforcement, and molding conditions,

TEST FROCEDURE

(a) Static Tests

Standard tension, compression, and bending tests were made as out-
lined in the Federal Specifications (reference 3). The diwensions
complied with the specified values except that the bending specimens
were tested edgewise since it was necessary to test the creep bending
specimens edgewise. Static torsion tests for both square and round
specimens were made in order to determine the loads to be used for the
torsion creep tests. For all tests, the specimens were held at 50
percent * 2 percent relative humidity end the temperature wes maln-
tained at 77° = 5° F during the test end 48 hours previous to testing.
The tension and compression tests were made in a 50,000-pound Universal
Olsen machine (fig. 1). An enclosure was constructed around the testing
machine as shown so that air at 50 percent relative humidity could be
malntained by & pipe connection from the creep laboratory. This provi-
sion for controlled humidity was particularly necegssry for the repeated
tension and compression tests since some of these latter tests requlired
several hours for completiomn,

For the tension tests, speclal grips were constructed with spherical
seats to ensure axially applied loads (rfig, 2), and the deformations were
measured by a speclally designed, averaging type straln gage (fig. 2)
readlng to 5 X 10-5 inch per diel division. The gage length used was
2 inches and the specimens were about 3/8 by 1/2 inch in cross-section.
Load-gtrain readings were taken to rupture for at least two specimens of
each laminate., When a large difference in the results of two tests was
obtained, more than two tests were made.

For the compression tesgts, spherical seats and a specially designed,
averaging type strain gage (fig. 3) were used. The accuracy of the
gtrain gage used meets the Federal specification requirement by reading
to 4,89 X 1074 inch strain ver gage division. The gage length used
wag 1l Inch and the cross-sescticnal dimensions of the specimens were about
" 1/2 vy 1/2 inch, Load-straln readings vere recorded to rupture for at
least two specimens as for the tension tests.

. For the bending tests, specimens about 1/2 inch wide by l— inches
deep weré loaded st midepan. The specimens were loaded in the edgewise
position since the creep teost specimens were so loaded. The span-depth
ratio was about 7. Deflections at the mlidspan were measured with a dial

6
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gege reading to 0.001 inch. Readings of load and deflections were re-. '
corded to rupture for at lezat three epscimens of each material.

Static torsion teats wers made so that torsion load values could be

selected Tor the torsicn creop tesis. The tests were made in the tor-
slon cresp machine shown in figwre 9. BOpecimens of both round and square
crogs sections were tested since creep tests using both kinds of cross
sections were msde. The rovnd spscimsns were about 1/2 inch in dlameter
and the eguere specimsus were abtout 1/2 by 1/2 inch., The engle of twist
was measured to 0,1° for e gege length of 6 inches for toth types of
specimens. Loed-angle of twlst readings were taken to rupture for at
least three spscimens ¢f each laminste. N

For the tenslon, corpression and bending tests, the readings were | -
taken "on the ruz" and the rate of strain used wae within the value
specified by the Federanl Spscificalions (reference 3). The scale lcad
intervel on the testing machines was 5 pounds and the testing m.:.chir_a
wag calibrated.

(b) Remeated Stress Teats

Standard size temsion and conpresslion specimens were used to study
the influence of repeated stresses on the mechanlcal properties of - the
laminates in tension and compression. The types of repeated tests made
were: vrorveeated tonsile stressing, followsd by testing to rupture ia . e
tension, repeated compressive stressing followed by testing to rupture in
compressgion, and repeated tensile stressing followed by testing to rupture
in compression. In all tests, the number of siress repetitions (N) wes
100 ard the magnitude of the maxlmum stress during these repetitions of L
stress was two.-thirds the vltimate stress, Somes tests were made using
smaller numwbers of stress cycles and lower meximum stresses but the re-
sults of these tests are not included since there was negligible effect
on the stress-strain relations. Oly two tests were made for each type
of test and naterial when the ultimate strength values checked, butb
creop tests wers run in cases of discrepancy. For the tests in which
repeated stressing in tension was followed by a compression test, a
specimen about 2 inches long wes cubt from the middle part of the tensicm
specinen to permit testing the materisl in compression. For the re-
peated tenslion tests, load-straln readings were obtained on the first
reduction of load from two-thirds the ultimate stress to zero s'bress 80
that hysteresis cycles could be plotted. o o

(c) Creep Tests : e

All creep tests were made in g room in which the temperaturs was
77° = 5° F and the relative humidity 50 percent £ 2 percent. The o

7
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humidity was maintained constant by means of both a humidifier and dshu-
midifier heving auntomatic controis. Siatic tenasion, static bending,
static torsion, and dymamic crsep tests were made to determine the
stress-creep deformatlion Yeletlons for these various types of stress,

The static temsion creep tests wore mede using the two-lever type
tensicn creep testing mechines shown in figures 4 and 5. By means of
the lever loading. system used, a constant stress was maintained on a
specimsn during & teet. The creep tension specimens had the sams dimen-
sionsg as the standsrd tensicon spscimens excapt that a longer streight
section was provided which gave & gage length of 10 inches. This in-
croasod gage lexngih eneured increased accuracy in the creep straln read-
ings. The creep stralns wore measured by means of a strain gege using
micrometer microscopes as shown in figure 6. Target points on the
specimens were provided by using black India ink dots on a white paintéd
background., The total creep strains weve msasured to 0,00002 inch,

Static bending creep tests were made ueing specimens 1/2 inch wide
by 1&7' inches Gssp. The tests wers conducted in the machins shown in
figure 7. A smingle creep bending wunit i1s shown in figure 8, illuetrat-
ing how the specimen im subJjected to a pure bsanding moment frae fron
transverse shear stresses. Crecp deflections wers messured over a 2-inch
gago length by means of dial gages reading to 0.0001 inch,

Static torsion creep tests were made on laminates R, B and G, using
both round (1/2 in. diameter) and square (1/2 by 1/2 in. ) specimans Al-
though the »ound cross section is the type usually used in matoriels
testing, the influence of the binding material in laminates is different
in square and round cross sections. For thies reason both types of cross
sections were used. The torsion creep tests were made, using the four-
unit machine in figure 9. The loading arrangement consigts of a dead
welght appllied to a pulley which produces pure torque on the specimen by
means of adequate bearing supports (fig. 10). The angle of twlst was
measured over a 6-inch gage length by means of a twlst meter with a
vernier reading to 0.1°

Dynamic tension creep tests were made using & hypocyclic ogclllator
type dynsmlc machine as shown in figure 11 and described in reference y,
In these tests, a statlc temsile load was applied to the specimen by
woights (fig. 11) and a superimposed fluctuating axial load was produced
on the specimen by the oscillator. The creep elongations were measured
for a T-inch gage length using micrometer microscopes as for the statlc
tension creep tests, The capacity of the oscillator made 1t necessary to
use epscimens of small cross sections about 0.25 by 0.10 inch. During a
test, heating of the specimen was prevented by the use of circulating
alyr produced by a fan.

In all creep tests, initial strain readings of the creep measuring
8
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instrumente were recordsd before the specimen was lcaded, After loading
the specimens, the initial deformation was recorded and readings of the
creep deformeiions wore nolted at seiscted intervels of time throughout
the life of the tesht, Tho static tension teets covered & period of 1400
houwrs, the stavic bandirg and torsion 1000 hours, and the dynamic tensim
200 hours. It was necessary to use the shorber psriod of time of 200
hours Tor the dyasmic tension tssts since cmly oms such uesb could be
run at cne tims, -—

Creep tests also were made on gpecimens aubjected to fluctuating
torsion superimposed on static tension., The vesults of these tosts
were exvatic, &nd unrsagonable values for the dynamic shear stress were
obtalned basedl on the measured engles of twist. It 1s probable thet the
ervors introduced were in ths mossured angles of twist resuliting from
the ure of specimens with small cross sectlicons. The results of thess
dynamiz torsion creep teste ars omitted frow thls repoxt since they are
unreliable.

TEST RESULTS

(a) Static Tests

Load-deformation relsticng for the tension, compression, bending,
and torsicn tests are shown in figures 12, 13, 1k, 15, and 16, respec-
tively. From these grapha, and whsre 1t was poseib'e, he Tollowing
mechanical properties wore dsteymined: (1) the yield strength dsfined
by 0.2 pertent offset strain, (2) the ultinmte strength or modulus of
rupture, (3) the stiffness as defined by the secant modulus of elasti-
city and (4) the ductility as defined by the deformation at rupture.

The values of the propertiss for tension and compression, obtained
from figures 12 and 13, ave listed in tebles 2 and 3. The secant modu-
lus values given are based on the slope of the line between the points
of zero and 50C0 pounds psr square inch stress valuss,

The values of the mechsnical properties for bending, as obtalned
from figure 1k, are given in tatle 4. In table 4, the ultimate strength
(modulus of rupture) snd stiffness were calculated on the basis that the
material obeys Hooke'!s Law in tenslon end compression and that the mate-~
rial is homogeneous and elastic. That is, the ultimate strength (SB)

and stiffness (F,) are respectively

3PLL

§p = —= . o (1)

2bd
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Py 113

P, load at rupture
Py,' load corresponding to a stress S equal td 5C00 psi

L span length
b wldth of apecimen
d depth of specimen

Iy, deflection corresponding to load Pg

The ductility in bending is given in table 4 in teyms of the center
deflection at rupture. '

The mechanlcal properties in torsion as dstermined from figures 15
and 16 foxr both round and square specimens are listed in tables 5 and 6,
Assuming for comparative purposes that the ultimate strength (modulus of
rupture) can be determined by the theory of elasticity (reference 5),
the ultimate strength (Ss) for the square and round cross sections are
respectively

T
SE = "—"'E"—"' (3)
0.208t ®
5.08T
Ss = —— : (L")
p?

where

Tg twisting moment at rupture

t cross-sectionsl dimensions of the square specimens

D diameter of the round specimens

10
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The stiffness (Bg) is determined in tables 5 and 6 based on the
secant modulus for a stress of 2500 psi. Assuming the theory of elastic-
ity, the values for the stlffness for the square and round cross sections
are reaspectively

LOT LT, ]
Bg = —— (3)

t* 0g

584 LT !
By = ———— . 6)

D* 84 :

where

T,' twisting moment corresponding to a stress equal to 2500 pel using
equation (3) or (k)

85 engle of twist in degrees for torque (Tgh)

L gage length

The ductility values in tables 5 and 6 are the angles of twist abt rup-
ture for a 6-inch gage length.

A comparison of the mechanical properties of the five lamlnates is
given in teble T based on 100 percent for the highest value of the :
mechanical property coneldered,

*

(b) Repeated Stress Tests

The load-strain disgrams for the repeated stress tests are given
in figures 12, 13, and 17. In figures 12 and 13, the load-strain dia-
grams are given. These diagrams are designated for N = 100, where N
is the number of stress applications to two-thirds the ultimate stress.,
The values of the mechanical properties of yleld strength, ultimste
strength, stiffness,and ductility as obtained from the load-gtrain dla-
grams ere given in tables 8, 9, and 10. The values of these properties
were dstermined in the same mannor asg for the static testas. Using
values from +tables 2, 3, 8, 9, and 10, the percent change in properties
produced by repeated stress ‘was calculated and listed in table 1l.
Hysteresis cycles in tension were obtained as shown in flgure 18. The
area bounded by +the load-strain lines is proportional to the energy
dissipated per cycle of sitress and is of practical interest since this

11



NACA TN Fo. 1105

energy determines the damping propertles of the 'material. The values of
these energles, as obtalned from figure 18 and expressed in inch-pounds
per cubic inch are given in table 12,

(c) Creep Tests

The static tenslon creep-time relastions are plotted in figures 19
to 23 for the five materials tested. The sitrains per inch of mage
length were calculated from the micrometer microscope readings, and the
values plotted included both the elastlc and creep strains in compliance
wilth the uwsual practice. In the creep-time plots, the tests that do not
cover the entire testing time as shown by a golid or dotted line indi-
cate that the specimen ruptured.

The static bending creep-time dlagrems plotted in figures 24 to 28
are shown in terms of tobal creep ésflection for a 2-inch gage length
gince the creep deflecltion was meamured for a 2-inch gage length and ‘the
deflection is not proportiongl to the gage length.

The static torsion creep-time graphs ave given in figuves 29 to 35
for materiasls R, P, and G a8 requested., These relations are glven for
both round and square specimens in terms of creep angle of twist per
inch gage length versus time in houre, The stresses shown for each
creep time graph in the bending and torsion cresp tests were computed
using equations (1), (3), and (4).

For the dynamic tenslon creep tests, the unit creep strain-time
graphs are given in figures 36 to 40 for various values of the mean or
static stress (Sy) epplied. To determine the value of the dynamic axlal

force, the following equation obtained from reference 4 was used,

Mge w02 cod Q@
‘F, = (1)
e N
MOL

2

1- Wg

EiA

where

Fy total axial dynamic force

Mg mass of the rotating eccentrlc weights

12
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© amplitude of motion of the eccenbric welghts when the osclllator is
s’_ca.tionary
® frequency of the forced vibration
@ -phase' angle
E£. static modulus of elasticity in tension
My -total mass epplied including eccentric weights (W /g)
L  overwall length of specimen
A _Tcross-sectiohal erea of specimen
The ‘maximum tensile stress applied by the static and. dynamic forces is
then
Wo + Fy
A :
and the meen static stress is _ —
Yo
Sp = — (9)

The valuss of the maximum and mean stresses St' and Sm and. the
streseg ratios Ry = Sm/S.b‘ are given in teble 17 for each test. TFor

-~ comparison of -the dynemic creep properties of the five laminates it
would have been desirable.to maintein the stress ratio Ry constant for

Bll tests. Bscause of the number of var:l_.ables influencing the dynamic
‘force value Fy (see equation (7)) it was not possible to fix the value

of the ratio Rt' However, except for the G ma,terial, the values of Ry

varied only a slight amount from the aversge value of 0.6k, For this
reason the creep date for the laminates can be compared, B

The types of fractures produced in the static and creep 'bests are

1illustrated in figures 4l to L7,

13
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ANALYSIS AND DISCUSSION

An examination of the values of the mechanical properties in ten-
slon, compression, bending, and torsion, as given in tables 2 to 7,
shows that the properties of a particular laminate ave not equally as
good for all types of stress. For exemple, table T shows that the G
leminate has the greatest tenslile strength and the CL material the
least; whereas for the CL material, the ductility 1s greatest and for
the G leminate it 1s least. Also, for both compression and bending,
although the G material has the greatest strength, the CL material has
the best ductility. In torsion, table 7 shows that the C leminate has
the greatest ultimate strength while the R materiel has the best ductil-
ity. Apparently the choice of laminate depends upon the particular type
of member to be designed, the type of stress in the member, and the
strength and ductility requirements that are congidered adequate. It
should be noted that the determination of the mechanical properties was e
secondary purpose in thls investigation, and an exact comparison with
precise test results was not expected.

The influence of vepeated stressing or LU0 cyclus on the tension
end compression properties is shown in table 11, Posltive percentage
values given represent an lmprovement in the particular mechanical prop-
erty while e negative value represents a dscrease 1ln the magnitude of
the property. From a comparison of values in table 11 the following
analyeis can be made:

1. For temsion stresging followed by a tension test.- The influ-
ence on the tenslle strength was negligible for all laminates and there
was a decrease of about 25 percent in ductility and stiffness for the
CL, C,and R laminates, and an increase in yleld strength for these mate-
rials,

2. For compression stressing followed by a compressgion tegt.- The
influence on the compressive strength was negligible for all laminates
and there was an increass in yleld strength for the C, R, and P lami-
nates. The stiffness of the.CL, R and P materials decreased and ‘the
ductility decreased for all laminates

3. For tension stressing followed by a compression test.- For the
CL, C, and G laminates there was & decreaese in compressive strength end
ductility, while for the P material there was & slight increase., The
yield strength of the CL, C, &nd R materials increased and the stiffness
of these laminates decreased. Tt should be noted that ln some cases the
percentage differences gilven in table 1l are within the difference ob-
tained from two standard tests. Limited time prevented a more thorough
study of the influence of repeated stress. That is, it would be desir-

able to consider intermediate values of. number of stress cycles and
other ranges of stress, _

14
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.The values of the energy dissipated per cycle during stressing in
tension to two-thirds the ultimate stress are given in tables 12, The
values listed show that the R and P materials have the best damping
properties, The G meterial has the poorest demping velue, having only
about 17 percent of the value for the R laminate.

Values of the creep deformations for the duration of the tests, as
obtained from figures 19 to 40, are listed in the last column of tables
13 to 17. Table 18 givées the creep deformations for the various lami-
nates corresponding to particular stress values., The creep deformations
given in table 18 were obtained by plotting values of the creep versus
stress as given in tebles 13 to 17, and represent approximate values
only. The relative creep characteristics For the various materinle under
tensile, bending, torsion, and dynamic tension are indicated also approx-
imately by the curves given in figures 18 to 52. An exsmination of the
creen-stress relations for varlous types of stress shows that the creep
resistance varles with the ultimate tensile strength of the material ex-
copt for the torsion creep tests on square specimens. That is, the
material creep rating is in the following order: &, P, R, C, and CL,
with the G leminate having the highest resistance to creep. The magni.
tudss of the creep dsformations have a wide range for the five laminates.
For example, the creep deformation under a static tensile stress of 6000
pet; for the G material is about 5 percent of that for the CL material.
For a bending stress of 6000 pei, this percentage is asbout 10. The .
dynamic creep tension date show that, for e mean stress of 4000 pel, ths
creop deformation of the G material is about 10 percent of that for the
CL laminate, ' '

The foregoing comparison of creep behavior is based on periods of .
time covered by the tests. It is important, however, to determinc a
moans of extrapolation of the datae which will give an approximation of
what the creep deformation will be for periods of time greater than
thooe covered by tests and approaching the estimated life in sexrvico.
In published investigations (reference 2) on plastics doaling with creep
tension tests, a common method has been to plat the creop-time date on e
log-log plot and to assume a linear relation betwoen the creep doforma-
tions and time when plotted in this way. That is, 3t is assumed that
for a particular stress value the creep is ey =kt , wherc t 1s tho

tilme and k and n are experimental comstants. With such a relsbion,
the date can be extrapolated amd the creep e can be determined for

time values t mnot covered by the test. Unfortunately, this creep-tims
relation i1s not adequate for the date obtained in this report except for
the static tensicn croep resulte. For thie reason, and in order to

determine a creep-stress relation, the log-log, log and hyperbolic sinc
methods (reference 1) of interpretation were applied to the test dato,

All three methods of intorpretation assume a constent creep rate so that:'"

where necessary, straight lines were assumed. to reprosent approximotely

15
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the creep-time date in figures 19 to 40 for periods of time beyond the
initiael creep. An inspection of these figures shows that the approxima-
tion of the data by stralght lines for most of the lower stress values
is goad except for the tension creep datae. For the higher stress values
there is a divergence from a straight line, It should be noted, how-
ever, that these higher stresses are beyond working gtress values. The
slopes of the aspumed straight lines in figures 19 to 40 are called the
cresp rates and their values are given in tables 13 to 18, The three
methods of interpretation were applied to the five materlals and four
types of creep tesis. Creep rate-stress relations obtained showed that
no one of thess methods could be considered to be sufficlently accurate
to interpret the test data. For this reason, these results are not in-
cluded 1n thls report. - -

CONCIUSIONS

1. The relative values of . the mechanicel propertles of the lami-
nates in tenslon, compression, bending, and torsion are not in the same
order for all types of tests.

2. The effect of repeated stressing to 100 cycles in tension and
compression on the mechanlcal properties varled. For most tests, how-
ever, there was a decrease in ductility and stiffness, and en Increaso
in yisld strength.

3. The creep resistance of the laminates was found to vary with the
wltimate tensile streongth for 8ll tests except the torsion creop tests
on sgquare specimens,

Engineering Experiment Station,
The Pennsylvania State College,
State College, Pa., April 1946,
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TABIE 1 - DESCRIPTION OF LAMINATES

L

[ Laminate c R P e}
Conse. Waten
Manufacturer Synthane Synthane Formlca Power & Pad —uw
Corpe Corpe Ins. Co.| per Co,
Thickness (in.) 04536 0.L476 Ol.l91 0.509 0.505
Density(gm/cm?) 1.29 1.36 1437 1.2 1.87
Type Phenolie Phenolic| Phenolic| Phenolie |Unsaturated
Polyeater
2| Identifica- Bakellite Bakelite 91l Bakellte Plaskon
2| tien BV-16.887 BV=1112 No,16526 900
=
Content by % 51 L7 37-90 30 L3
WEe (nominal)
Kind of Fabe Army Army Rayonecote Paper Glass fabrid
- ric Duck Duek |ton fabrie [Heat treated
-]
=
8] Ply Arrange- Crossed Crossed | Orossed Crossed Pargllel
g ment
:é' Fabric Weave - —— 2/1 Twill - ——
Q
=]
Fabric Wte= 10,38 10.38 12, — P
oz/ydg * *3 *3 >
Molding Pres- 180 1800 1100 250 Lo
sure (p.sel.)
Molding Temp. 320 320 320 310 £ 10 [1Bo-220
g (°F)
B
4| Time of Cyele 50 50 —~—— Fast as  |2hrs.at
Gl (min) for possible 160° F
6| heating 2hra,at
o 180° F
g 2hrs,at
ol 200° F
q 2hra,at
2 2208 F
Time of Cyecle —_— —— 20 Cooled in -
(min) for sti1ll air
Cooling at 75° F

18
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TABLE 2 «~ MECHANICAL PROPERTIES IN STATIC TENSION

Yield Ultimate
Mat, Spec, Area Strength Strength Stiffnegs Duectility
Ho. A SH S; Egx 107 100 ep
8q.1n. p ps %
1 0420 ,T700 9,188 3.28 g.g
CL 2 0ol 00 . .
Aver. ? 52?00 3:200 7] 545
1 0.177 5,100 11,300 08l 3e3
c 2 04177 £3700 11,300 1,07 5e7
Aver, 5,100 11,300 O. 345
1 0.180 7,700 25,000 1.48 By
R 2 0.18L 731100 SE: 00 1.5 e
Aver., 7,600 ,800 147 3l
1 04190 19,300 25,200 2.58 l.h
P 2 0.130 aZ:ﬁoo 25,200 2,11 1.5
Aver, 1,800 25,200 2.35 1.5
1 0.188 37,300 37,300 2.49 Lle5
e 2 0.189 %9200 5éiaoo 2.%5 1.5
Aver,. 3 ,500 3 ,300 2.5 1.5
TABLE 3 = MECHANICAL PROPERTIES IN STATIC COMPRESSION
Yield Ultimate
Mat, Spece Area Strength | Strength | Stlffnes Ductllity
No. A (43 SC EG X 10- 100 ec
sqeine. psi psi psi %
1 0.279 ,900 21,500 0.68 1.l
CL 2 06277 ,900 21,600 Oe Z 1.2
Aver, 7,400 21,600 0eb 1.3
1 0.23%6 8,500 21,200 0677 1.0;
C 2 0.238 8,100 21,400 071 Oe
Aver, 8,300 21,300 Oe7h 0.90
1 0.2 8,400 19,200 1. 0110
R 2 o.zgg Bzgoo 131600 1.3K o.LlL
Aver. 8,300 19,400 1.71 o.42
1 0.2 10,600 19,800 2e39 Oelt7
P 2 0.2?% 95800 131900 2.91 0.5
Aver. 10,200 19,500 2.55 0.l
1 0,258 140,800 10,800 2.97 0ol
G 3 0.254 111,000 111,000 2.81 o.%@
Aver. 0,900 40,900 2.89 Oe

19




NACA TN No. 1105
TABLE - MECHANICAL PROPERTIES IN STATIC BENDING

Ultimate
Mat. Spec. Width | Depth Strength Stiffnes Ductility
Noe b a s? Ep x 10" Yo
in, in, ra psi in.
1 0.547 | 1le122 16,700 0e79 Oul3
CL 2 Oe5l42 | 112 16,400 0.39 0e39
3 0.5L45 | 1l.12 16,800 0487 003
Aver., 16,600 0,82 Olli2
1 0473 | 1,155 17,900 093 0e31
¢ A T R T 03
Avere | * 185200 0493 0.3l
1 0.1481 | 1l.12 1,400 1.58 Oe
R 2 o.ﬁel 1.12% 29: 00 1.28 o.%%
3 0478 | 1.121 31,900 1.53 0439
Aver, 21,000 1.5 0439
1 0,505 | 1,127 31,100 - 0616
P 2 0.50 1.123 22,100 - 0ol
2 0.50 1.130 31,100 - 0ol
Aver, z1,L00 2,448 0e17
1 00506 | 1,11 00 2. D.21
el 2 04517 1.16% ZS: 00 2.;9 0420
3 0.515 12 ,600 2. E 020
Aver. 49,200 2.43 0420

#Value given 1s average of 6 tests on specimens 1/2" x 1/2" x 6" span.
TABLE 5 - MECHANICAL PROPERTIES IN STATIC TORSION

Square Cross-Sections

Ultimate stirfness, | Ductility
Mat. Spec. Dimen. Strength Eg X 10~ Bs
No. t 8 psl degrees
in, bs
1 04521 900 0.11 0
cL 2 0.528 g;aoo 0el3 BZ
3 0,521 3100 0.13 9
Aver. 5,500 0.12 90
1 00.[.8 10, 00 0.2 105
o |2 | sim | gk o:2¢ 2
avor. el 13200 0.26 100
1 0.491 00 0425 2
SRR B B B
Avar. - 51200 0.22 %09
1 04506 00 0436 18
2| F | sk | mfm | ook i
avae. 201 5i700 | 0436 17
1 0502 7,300 Oeli6 60
G 2 06501 ,100 0.51 60
3 0,508 »200 0.56 62
Aver, ] 7,500 0451 61
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TABLE 6 - MECHANICAL PROPERTIES IN STATIC TCRSION

Round Cross-Sectlions

gltimatg Stiffn Ductilit
Mat. Spece. Dia. trengt es ue N
2 ﬁo? D So Eg X 10"g . 6
in. ps psi degrees
1 0.502 ., 800 - 180
CL 2 0.500 ly,800 026 170
3 0.501 L, 800 0.26
Aver., L, 800 0.26 175
1 Ouliliy 8,1400 0e35 110
c 2 NI 7,500 0031 135
3 0.46 7,400 026 112
Aver. 7,800 0e351 112
1 0176 600 0619 60
R 2 o:u7a ? 000 0.20 £20
3 Oeli7 k., 600 0.21 383
Aver. 3,900 0.20 38
1 0.501 4,500 0.l10 1
P 2 01180 1600 0438 1
3 0.1485 »000 0636 21
Aver, » 700 0.3 19
1 0.500 4,600 0.h49 70
¢ 2 o.Zgo Z:hoo 0.59 30
0.,86 ,100 0.5 26
Aver, 6,000 0.5 k2
TABLE 7 - COMPARISON OF MECHANICAL PROPERTIES
FR_FIVE LAMINATES
Rating i 2 L]
Type of Mechanical [Mat, | % [Mate | % | Mate | % | Mate | % | Mat. | %
Test Property
Tension |Ultimate Str. @ 100{ P 66 R é5 C 30 | CL 2l
Yield Stre G 100} P 5 R 20 c i {cn 13
Stiffness G ioo| P 9 R 7 c 37 | cL 25
Ductility cL |1lo0| ¢ 63 R 2 e’ 271 P 26
Compres- |Ultimate Str, G 100 CL | 53 c 52 P o |r L8
sion Yield Str,. e 100| P 2 C 20 R 20| oL 18
Stiffness e 100| P 8 R 59 e 26 | CL 22
Ductility cr |100] ¢ 69 P 35 R 2| @ 11
Bending |Ultimate Str. G 100}{ P é R 6 ¢ 37 | oL 3l
Stiffness P 1l00{ G 9 R 6 c 7| CL E{
Ductility CL |1l00| R 93 c 81 G 91| P
Torsion |Ultimate Str. C 100| @ ZZ cL | 62 P 60 | R 50
(round) | Stiffness G 100 P c 55 cr | L48|R 25
Duetility R 100] C¢L | 3L ¢ 29 e} 11 P 5
Torsion |Ultimate Str. C 100} G T5 P 57 CL R 52
{Square )] Stiffness G 100| P 71 c 51 R CL 2L
Ductility R 100{ ¢ 32 CL |29 G 20| ® 5

N
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TABLE 8 -~ MECHANICAL PROPERTIES IN TENSION AFTER

100 STRESS REPETITIONS IN TENSION

TO 2/3 ULTIMATE STRENGTH

Yield Ultimate
Mat. Speo., | Dimenslons Strength Strength Stiffnesg Duetility
An, in. P f psi psi 4
1 04376 04538 | 6,200 000 Oe boly
cL 2 0.?%7 o.gﬁz 61300 2900 o.ﬁg_ Tl
Aver. 6,300 9,000 Oe I
1 04377 OeLi70 | 7,900 10,500 0465 2.2
o 2 0.363 Oelio7 | 7,800 11,200 077 2.
Aver. 75900 10,900 OeT1 2.6
1 04372 o.hsg 22,500 Zh 600 096 2.6
R 2 0.372 21,500 ,000 1.05 2.8
Aver, 22,200 ,800 1,01 27
1 o.3gh 04510 | 23,100 27,300 2427 1.
P 2 04381 0.513 | 22,500 27,200 2.33 1.
Aver. 22’ 00 27, 300 2.30 1'6
1 0,366 502 | 25,900 35,900 2.70 1,2
G 2 0.%66 0.506 | 3 ,Zoo 35,700 2.67 1t
Aver. 35,800 35,800 246 1.3
TABLE 9 - MECHANICAT PROPERTIES IN COMPRESSION AFTER
100 STRESS REFETITIONS IN O OMFPRESSION
TO 2/3 ULTIMATE STRENGTH
Yield Ultimate
Mat. Spece Dimensions _|Strength | Strength Stirfnesg Ductility
Yoo [ ©® | S§ Se E, X 10"
in, in, ) g psi psl 4
1 045N 000 20,800 Oe 0.
oL 2 .ﬁg% 0.358 7:zoo 20,800 o.gs Os g
Aver, »100 20, *800 0.5 0e7
1 0.482 . 21, 200 0.8 o.
c 2 o.h78 .ﬁ%g 12 22, o.gg hh
Aver., 10, 600 21, 0.81 0.5
1 0.480 0.503| 1L,500 19,100 0.98 031
R 2 lo.}82 0.502 15: 00 131200 1.%6 o.gu
Aver, 13,300 19,200 lel?7 Oe33
1 0,499 0.500] 15,000 19,700 1. Oe
P 2 0,501 | 0.50k] 15)L00 132850 1.%2 0u3%
Aver, 15,200 19,00 1.37 O.ZZ
1 0.501 0.519] 26,500 6,500 . Oell
o 2 |0.500 | 0.500] 38,000 29:300 2.%? 0,11
Aver, 57, 300 37’ 300 Ze g 0.l
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TABIE 10 -~ MECHANICAL PROPERTIES IN COMPRESSION AFTER
100 STRESS REPETITIONS IN TENSION
T0 2/% ULTIMATE STRENGTH

Yield Ultimate
Mate | Spece | Dimensions Strength | Strength | Stiffnes g Duetility
in, in, pE% pa psi %
1 0.376 04538 12,600 18,300 79 1% § 0.61
oL 2 o.g;S o.ggo 12,000 17:300 o,gg 0456
Aver. '12'300 17’ 00 040 0058
1 Oe Oe 11,300 19,700 0.51 0.62
o 2 0.53# o.hzg 8:300 131%00 o:22 046l
Aver, 9,800 13,500 0e57 0.63
1 O. 04,50 13,100 17,600 l.1 0436
R 2 o.??% o.go? 131%90 1%1600 1.0% o.gh
Aver, 11' 00 17,600 lel 0¢335
1 0437 04509 8,700 19,400 2,68 017
P 2 037 0.510 8,900 19,400 2438 Oe g
Avenr, 8,800 13,100 2.53 O.hy
1 Oe 0.50 6,800 6,800 26 Oel
G 2 o.g 2 0.20; gsiooo gsiooo 5.?1 0.12
Aver, 35;900 35’900 5. 05 0013

TABIE 1l - INFLUENCE OF REPEATED STRESSING ON
THE MRCHANICAL PROFERTIES

e of Material % Chgﬁe in Mechanical Propert
gst - Ultimate Yie StIffness Eic%ﬁI‘Ey
Strength Strength
Tension- CL - +22 -31 =20
Tension c -Z +45 «26 -2
R 0 +193 «31 -2
P +8 + -2 +8
G -6 - + =11
Compe= CL -3 -18 «12 «}10
Comp, c +2 +27 +10 =35
R -1 +60 -EE -21
P ~3 +49 - -
G -9 =9 +21 =26
Tension- CL -17 +67 -37 =55
Comp., G -8 +17 -23 -30
R -6 +51 =52 +2
P +9 =1 +2h +2
¢} -l2 =12 +5 -13

R3




NACA TN No. 1105
TABLE 12 ~ ENERGY DISSIPATED PER CYCIE FOR STRESSING

IN TENSION TC TWO-THIRD THE ULTIMATE STRESS

Ultimate Energy Dissipated
Mat, Tensile Specs Noy per Cycle
Strength (in.lb, per cu.in.)
psl
9CL 2547
CL 9200 10CL 25.
Aver. 254
230 18,2
¢ 11,300 aﬁo - 20,7
Aver, 20,0
11R 53-5
R 2L, 700 12R .
by 7 Aver, gh..g
27P Ll.
P 25,200 ng ul.Z
7 Aver, hi.5
¢ 938
G 38,300 EG 9-&5
Aver, 9.2
TABIE 1% = STATIC TENSION CREEP TEST DATA
Mat, Spec, | Area Load | Stress Creep Rate OGreep oy
No. sq.in. 1be S Ct 6 at lh.OO hr.
ps in./in./hr. X 10 in, x 500
1l 0420 ol 2,650 0450 o0
2 | 0.20 ggh u:ogo 1.20 o5
E 0,202 917 #5410 1.20 10.0
CL 0200 1,037 | 5,230 1.20 11.0
2 0.208 1,230 +920 3,10 26,0
0.207 1,359 »570 3,20 2647
1 0el7 0 160 0,90 8
2 0.1';h ggu ,610 2:80 ;.7
E Oel7 917 2,200 1.90 10.
c 0.1&6 1,077 4120 2.00 1%.
2 0.181 1,230 6,8%0 2.20 18.2
06175 1,387 | 7,950 «00 --
1 0,181 838 60 1.00 8
2 | 0.178 1,1%6 %;sgo 1.60 %.1
a 0.178 1,2 71 7,700 1.90 .
R 04178 1,695 9,;&0 2430 10.
5 0,178 1,805 | 10,130 2.%0 12,
6 04178 2,151 | 12,110 3.00 1.9
g Oel7 2,532 | 1,260 2.20 23,6
OelT 2,550 | 14,310 «10 28.1
1 0.180 1,110 5,830 0.5 2.8
2 0101 L7175 | 9,760 0.9 ZeT
0,182 2,099 | 11,520 1.1 6e3
P ﬁ 0e193 2,825 | 14,670 1.0 9.0
5 04187 2,830 | 15,120 1.36 10,5
1 0.168 838 80 040 .
2 |0.72 1,&31 %:goo 0222 5.5
E 0.17 2,265 | 13,100 0.26 3,67
; e | S a0 Siip Lz
2 oirm1 | 02533 |3 *200 0425 2282
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TABIE 1l - STATIC BENDING CREEP TEST DATA

Mate. | Spece Dimensions | Moment Stress Creep Rate Creep Def,
No. M SR Cp 5 at 1000 hr.
in, in, |in.lbe ps in./bre x 5X107| in, x 1000
(2"gege length)
1 0e540 | 14125 L68 L,120 o.zg Te50
2 045410 1.122 91 2,1 0 Oe 10.70
CL 0e543 | 1le12 gg « 080 0.80 1h.30
E 06537 | 1e126 g 6,950 1.18 -
5 0.5 1.12L 38 7,320 1,32 25.80
1 0.480 | 1. 250 Oe 20
coLE e nE BB as | i
L |owils 1112; 767 7,600 0ol 1,56
5 OJi7h | 1412 917 9,235 093 20.96
6 Ooly7l | o2k 932 9,350 0.51 --
polodm L) o | aae | o bR
oui7g | Te121 | 771 621,30 0.31 9480
R E Oeli7 1,12 921 9,080 0.5 12.70
2 |oukes | hn3 | 1% | 139:2% 0e91 13230
7 080 | 10095 | 1368 | 1k 2%0 1.50 26.00
0.482 | 1.100 | 1519 15,650 1.93 32,00
1 0.50 1,09 L78 4,750 0423 2476
2 Oe oﬁ 1'03 771 Z’ 50 0.23 <80
P 0.502 | 1.087 | 1062 10,750 0.50 .
z 0.50L | 1.011 71 11,300 o.g 17.00
5 0.50l | 1,001 33 17,050 1, --
1 0.516 | 1. 1 ,200 0.0 1.
2 0.198 1.%2ﬁ #%8 % 000 o.og% 2.2%
¢ Q.8 | 13371 1978 | 130820 ou325 Poo8
% 32k | 1016 1282 | 12830 0409 3250
0.50 1,15 2279 20,200 0.318 .60
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TABIE 15 « STATIC TORSION CREEP TEST DATA « ROUND CROSS=SECTIONS

Mat, | Spec. Dia. Twlsting Shear Streas Creep Rate Cresp Angle
No. in, Moment Sg at 1000 hr,.
in. 1lb, pal deg/in/ﬁr x 103 deg/in,
1 0,156 6 1,950 ' 11 2,
2 o.ﬁgs %9.5 2:930 o g.g
R E Oeli75 6.0 3,210 3467 18.5
Odli63 75.8 3 90 Falled -
1 0.495 331 1,400 o.és 1.73
2 0,500 50e7 2,070 0.47 2,
P E 04502 5842 2,3 0.67 2.80
0.493 70, 3,000 1.7 —
2 04499 T9e 3,260 1le9 -
0.500 25.3 '870 2.00 -
7 0,500 111.2 ,550 Falled -
1 0.501 5le5 2,210 0667 1.8%
2 050l 792 3,150 0.8% 3,00
G De 92 92,0 3,810 Failed -
E 0ol 10540 2370 2.67 6416

TABLE 16 = STATIC TORSION CREEP TEST DATA - SQUARE CROSS~SECTION

Mat, | Spece Dim. Twisting | Shear Stress Creep Rate Creep Angle
t 1000 hr.
Noo |t(aver) 1&?“2%? pi? deg/in/gr. x 102 . deg/in.
1 0.48 6640 2,770 0433 «00
2 o.ﬂbg 9941 h;lgo 0450 5.67
¢ Z 0.486 132,2 5,500 1,08 »75
0.L86 165.0 6,900 1.83 15.25
1 0.1188 o6 1,6 Oe 1.8
. 2 8.%?% g%.o 2}5%% g.%% g.og
Z o:hgo 8923 ;: 30 2:33 7:2%
1 04501 ol 2,000 0.12 0.8%
|3 | ER | B | ke 2 L2
L 0.505 | 1i3. 2758 'o:;g Ze8h
1 04510 66,0 2,390 047 1.60
2 0510 98,0 i,z 0 0e77 277
G O.EOO 12045 »630 1.17 Le07
E 0.096 132,0 5,220 3,27 . 7493
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TABIE 17 « DYNAMIC TENSION CREEF TEST DATA
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TABLE 18 - COMPARISON OF CREEP DEFCRMATIONS

NACA TN No.

1105

Type of Stress Oreep Deformation of Materlal
Cresp test psl cL c R P G
U 7 S U N A B B
] . ° Y . .
g, g 2 g:ooo 20.3 1%.6 %.7 2.13; 1.5
B Sl 000 - - Te . .
0ad e 10,000 - _— 11.3 )2.2 2.6
dds g 12,000 - - 17.1 g.? 341
3 _go o 1l, 000 - - 2545 5 EOZ*
= b 16,000 - - - 11.7% o3
. 2,000 20 2.7 2.5 1.0 0.6
g @ »000 23 6.0 5.0 2.l 1.0
5§ 88« ,000 13.5 1041 7.6 3, 15
M B9 %a 8,000 .- 15.6 1063 2.2 240
owoo & |10,000 -- 2hobr | 12 o7 2.6
it B S R R B A
H 8888 |1 ’ 000 - -— - - oTH
2,000 - - 2.7 2.4 L6
- 18 2000 - - 13 Lo 13 2.8
8w [@aa »000 - - - 7 o Lit 21
FEELE Ro | 5,000 - - - 110y 5
2 ity ©
Soy 2,000 - 1.9 243 048 1.L
°8 s g - 1.2 2.0
o _ORloto »000 2 Lo
“e9 |yad 000 - o5 - 1.7 249
N RS 2000 - 9 - 2.2 540
S9us5he ,000 - 10,6 - 340 -
2,000 2. 2. 1.6 Oe 0.6
Lg: 000 9404 7.% Z.g :21.3 i'%
Lo 000 - - . . N
o8 “‘gfm 8,000 - - 1042 Z 2.3
'5"3.3 = 10,000 - - 1645% o5 2,
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NACA TN No. 1105 Fig. 1

Figure 1l.- Universal testing machine showing
enclosure for humidity control.



Figure 2.- 8pecimen assembly for
tension tests.

Figure 3.~ Bpecimen assembly for
compression tests.
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Figure 5.- Nine unit static tension
creep machine.

Figure 4.~ Four unit static tension
creep machine.
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Figs. 8,9

Figure 9.- Static creep torsion machines.



Figure 10.- 8tatic creep torsion unit showing
method of loading.

Figurs 1l.- Dynamic creep tension machine
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Figs, 36, 37

3

Strain—in. per in. x 10

Strain=—in. perin. x |03

12

NACA TN No.

1lo5

¢ =3740psi |

e
/
i |

4 » Py g ] 1 3
e p— Sm=2340 p.s.l.
2 : Sy = 1950 pnL
ry . . v
o
) 20 40 60 80 100 120 140 160 180 200
Time — Hours
FIG.36 — DYNAMIC TENSION CREEP-TIME RELATIONS — MAT CL

14
12—

E

S -
“le g gATTOPY | =

‘;;E P * -

. /'—W
8 /)/ a d [y

|| . m

S e L

| speeomst 4 ——meeT
e g

Lo o "
4 - - 8,328909..1.(. — —y
L] e v
2
° fia
) 20 @0 €0 86 160 20 T40 TES
Time~-Hours

FIB.37~DYNAMIC TENSION CREEP-TIME RELATIONS— MATC



NACA TN No, 1106 rigs., 38, 39
20 l
srrf 10350p- 8.0
8 e @ s (3 <
a i ® s l
A
167» - s.d.g.soo;m; l
________I./
I
g 29250p.8d
AT . . L .
14—~ — . =
) v
o
»
s 12
-
2
£
L 10
H
5 ‘ S 8500psl o
8 2 At
8
/
o
) 20 % 0 30 00 120 40 T8 180 200
Time- Hours
FI3.38-DYNAMIC TENSION CREEP—TIME RELATIONS — MAT. R
3.5 V -’.‘_’___ r
55 8050P 5 = |
) s Py
4’4/
= sm-'““_’_‘*‘.‘_". T’ -
/ __t — - —
. - — T + sp02 40Pt [+ ]
2 ,/ P I - - =T
I
=4 3"144aonsl' o -
E 3 2.0 - —
£ *
H
Q.
& 15
1
£
g
a1
Q
0
20 40 6 80 100 120 140 160 180 200

Time~ Hours

FIG3SDYNAMIC TENSION CREEP-TIME RELATIONS —MAT.P




" Figs, 40, 48
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Figure 43,- Static compression specimens showing -
type of fracture; left to rigbt, S

" materiels CL, C, R, F and G.

Figure 41 .- Static tension speclmens showing Figure 43.- Static bending specimens showing type
type of fracture; left to right, of fracture; top to bottom, materials

materials CL, C, R, P and G. CL, C, R, P and G.
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Flgure 44 .~ Static torsion specimens
showing type of fracture,

square cross-sections; left to right,

materisla CL, C, R, P and G.
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Flgure 45.- Static torsion specimens
ghowing type of fracture,

round croes-sectlons; left to right,

materiales CL, 0, R, P and G.
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Figure 46 .- Static tension creep specimens
ghowing type of fracture; left
to rlght, materials CL, C, R, P and G,

Fagure 47,- Dynamic tension specimens

showing t
left to right, materi

ax

e of fracture;
8 0L, C, R, Pand G
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